Objective: To examine the neuropsychological profile of dementia patients from a community-based autopsy sample of dementia, comparing Alzheimer disease (AD), Lewy body pathology (LBP) alone, and LBP with coexistent AD (AD/LBP). Methods: The authors reviewed 135 subjects from a community-based study of dementia for whom autopsy and brain tissue was available. Diagnostic groups were determined according to standard neuropathologic methods and criteria, and the presence of LBs was determined using ␣-synuclein immunostaining. Neuropathologically defined diagnostic groups of AD, AD/LBP, and LBP were examined for differences on neuropsychological test performance at the time of initial study enrollment. Results: There were 48 patients with AD alone, 65 with LB and AD pathology (AD/LBP), and 22 with LBP alone (LBP alone). There were no significant differences between groups demographically or on performance of enrollment Mini-Mental State Examination (MMSE) or Dementia Rating Scale (DRS). AD patients performed worse than the LBP patients on memory measures (Fuld Object Memory Evaluation Delayed Recall, Wechsler Memory Scale Logical Memory Immediate and Delayed Recall; p Ͻ 0.05) and a naming task (Consortium to Establish a Registry for Alzheimer's Disease Naming; p Ͻ 0.05). LBP patients were more impaired than AD patients on executive function (Trail Making Test Part B; p Ͻ 0.05) and attention tasks (Wechsler Adult Intelligence Scale-Revised Digit Span; p Ͻ 0.05). Decline in MMSE and DRS scores over time were greatest in the patients with AD/LBP. Conclusions: In a communitybased sample of older, medically complicated patients with dementia, there are neuropsychological differences between dementia subtypes at the time of diagnosis. In particular, patients with Alzheimer disease (AD) alone and AD/Lewy body pathology (LBP) had more severe memory impairment than patients with LBP. LBP alone was associated with more severe executive dysfunction. Patients with AD/LBP had the most rapid rate of cognitive decline.
It has been suggested that dementia with Lewy bodies (LBs) is the second most common form of dementia in old age. 1 The high frequency and extent of LB-associated pathology in dementia patients has recently been confirmed and extended by the use of ␣-synuclein (ASN) immunohistochemistry and sampling of regions such as the amygdala. [2] [3] [4] However, despite improved techniques in neuropathologically confirming the presence of LB and associated ASN pathology, clinically differentiating between patients with only LB pathology (LBP alone), Alzheimer disease (AD) alone, or AD with LB (AD/LBP) remains challenging. This is clinically relevant, as there is evidence that these patients may differ in terms of response to medications and prognosis. 5, 6 In addition, it is important to improve the diagnostic accuracy for clinical studies of the LB-associated dementias.
Previous studies examining the neuropsychological characteristics of the LB-associated dementias have noted that these patients generally demon-strate more severe impairments in visuoconstructive and visuospatial abilities, working memory, attention, language, initiation, and "executive" functions with some evidence of relatively preserved episodic memory when compared with AD. 1, [7] [8] [9] [10] [11] [12] [13] [14] [15] However, there have been major methodologic problems with these studies, such as using cases without autopsy confirmation or without the use of ASN and extranigral staining. Also, most studies have not differentiated LBP alone from AD/LBP. In general, these studies have used patients from highly selected research samples, which may significantly bias results and may not be generalizable to the usually older and more medically complicated dementia patient in the general medical community.
To address some of these issues, we examined the neuropsychological characteristics of patients from a large community-based sample of older adults with cognitive complaints. 16 This study examined only autopsy-confirmed cases from this sample and uti-lized ASN immunostaining to systematically identify LBP change. We divided cases into three diagnostic groups (AD, LBP alone, AD/LBP).
Methods. Subjects were part of the University of Washington/ Group Health Cooperative Alzheimer's Disease Patient Registry, which is a population-based registry of incident dementia cases. 16 In brief, 1,028 patients with clinical history of memory and cognitive complaints or documented impairments were enrolled from 1987 to 1996. Patients underwent a complete standardized diagnostic workup and neuropsychological evaluation followed by a consensus diagnosis using National Institute of Neurological and Communication Disorders and Stroke/Alzheimer's Disease and Related Disorders Association 17 and Diagnostic and Statistical Manual for Mental Disorders (3rd rev. ed.) 18 criteria for AD and dementia. Patients received annual follow-up consisting of a physical examination and abbreviated neuropsychological evaluation, namely, Mini-Mental State Examination (MMSE) and Dementia Rating Scale (DRS). To date, 291 subjects from this sample have come to autopsy. Of these autopsied cases, 135 cases met criteria for inclusion in the current study. One hundred thirty-two cases were excluded based on insufficient neuropsychological data, inadequate tissue, limited AD pathology, or advanced dementia at intake.
Tests administered at the time of entry included the following: DRS, 19 Wechsler Memory Scale-Revised (WMS-R) Logical Memory and Visual Reproduction Subtests, 20 Fuld Object Memory Evaluation, 21 Wechsler Adult Intelligence Scale-Revised (WAIS-R) Digit Span, 20 WAIS-R Comprehension Subtest, 20 WAIS-R Proverb items from Comprehension Subtest, 20 WAIS-R Similarities Subtest, 20 WAIS-R Block Design Subtest, 20 Trail Making Test, 22 Consortium to Establish a Registry of Alzheimer's Disease (CERAD) Test Battery Naming Subtest, 23 and MMSE. 24 Neuropathologic evaluation was performed on specific brain regions including frontal, temporal, parietal, and calcarine cortex, cingulate gyrus, substantia innominata, basal ganglia, claustrum, insula, amygdaloid nucleus, hypothalamus, hippocampus and parahippocampus, midbrain, pons, medulla, and cerebellum. Braak staging 25 was based on a modified Bielshowsky stain. Evaluation of LBP included hematoxylin and eosin staining in the substantia nigra and immunohistochemical staining for ASN (LB 509; Zymed, San Francisco, CA) in the amygdala and substantia nigra. A blinded assessment (blind to diagnosis, Braak staging, and ASN immunostaining in other regions) of ASN-immunostained sections was performed for the presence or absence of intraneuronal ASN-immunopositive inclusions and neurites.
Participants were categorized into the following diagnostic groups: AD (Braak stage IV or higher and plaque scores consistent with CERAD definite AD); AD/LBP (AD as above with ASNpositive inclusions in either the amygdala or the substantia nigra); LBP alone (Braak stage III or less and ASN-positive inclusions in either the amygdala or the substantia nigra). This criterion for setting a cut-off score of Braak stage IV for clinically relevant AD is based on a previous description of neuropathology in cognitively normal elderly subjects. 26 Others have suggested that the amygdala is the most sensitive region for identifying ASN LB pathology, 2, 3, 27 and in this study, some subjects in the AD/LBP group were found to have LB inclusions only in the amygdala and not in the brainstem (amygdala-only AD/LBP). Currently, the clinical and pathophysiologic importance of AD with LBP restricted to the amygdala alone is unclear (without other brainstem, limbic, or neocortical LBP). Therefore, in addition to the group membership as described above, an additional analysis was performed with the amygdala-only AD/LBP patients excluded from the AD/LBP group. Following neuropathologic diagnosis, subsequent analyses were performed on neuropsychological data obtained at intake. Because these diagnostic groups are defined neuropathologically and because this study was started before the consensus criteria for dementia with LBs, clinical data about fluctuation, parkinsonian features, and visual hallucinations were not adequately generated and were not available to analyze. Patients without AD or LBP were not included in this study, and patients with an MMSE score of Ͻ14 at their initial evaluation were excluded to select a population of subjects not already in the late stages of a dementing illness. To examine the change in patients' cognitive function over time, final MMSE and DRS scores were subtracted from their initial (entry) scores and divided by years of observation. Yearly follow-up data from other neuropsychological tests were not available for analysis.
Results. Between-group comparisons for education, age at onset, and MMSE and DRS scores at entry to the study (average of 1 year after onset of memory problems) revealed no significant differences between groups ( ) . The groups did not differ in terms of their duration of disease, defined as the amount of time that elapsed between age at onset and age at death, so it is unlikely that cognitive change over time was affected by survival rates (p ϭ 0.315). Although we recognize that rate of decline may not have a truly linear progression and may be influenced by factors such as education, age at diagnosis, duration of disease at first testing, etc., this simple calculation of change per year seems to reflect a more rapid change in general cognitive function over time.
Because the clinical and pathophysiologic importance of amygdala-only LB pathology is currently unclear, we excluded these cases from our analysis. AD/LBP patients with LB inclusions restricted to the amygdala (n ϭ 17) were removed from the AD/LBP group, and ANOVAS as described above were repeated. These results were essen-tially unchanged from those described above (and as noted in figure and table 2) , with the exception of MMSE change over time, which was only approaching significance (p Ͻ 0.07). To examine whether concomitant diseases or vascular dementia contributed to the findings of unique cognitive deficits between groups, we reviewed neuropathology reports and counted the total number of additional findings for each subject (e.g., infarcts, lacunes, hemorrhage, etc.). A comparison of this count (a score of 1 for each additional event) between groups was not significant.
Discussion. We used only autopsy-confirmed cases from a community-based sample of dementia and used ASN immunohistochemistry and extranigral sampling. The number of cases in each group was large, and the LB-associated dementias were divided by the presence or absence of significant coexistent AD pathologic change. Our results indicate that patients with LBP alone evidence relatively less severe impairments than patients with AD and AD/LBP on measures of verbal memory and confrontation naming when mild to moderately demented. These findings were not due to differences of demographics such as age at onset and education or dementia severity, as the initial MMSE and DRS scores were not significantly different between dementia subgroups. Consistent with previous findings, patients with LBP alone performed worse than those with AD and AD/LBP on measures of executive function (Trails B) and attention (WAIS-R Digit Span). Part A of the Trail Making Test did not differ among groups, which suggests that LBP patients were more impaired in terms of divided attention and not simply performing the task more slowly owing to motor impairments.
Other studies have failed to find cognitive differences between LBP and AD patients at an early disease stage. 28 LBP patients with high Braak stage ratings have been shown to be less likely to express the clinical features of LBP. 29 Thus, clinical recognition and differentiation of LBP vs AD can be difficult. Consistent with these findings, our study also found that patients with AD/LBP did not differ significantly from AD patients on any of the neuropsychological measures used. It is possible that because both groups share a high degree of overlap with regard to AD pathology, clinical symptoms and cognitive differences, should they exist, may be too subtle to detect with current methods.
In terms of cognitive decline, patients with AD/ LBP clearly stood out as having the greatest degree of change in both the DRS and the MMSE per year. Even when the analysis excluded the patients in the AD/LBP group where LB inclusions were found only in the amygdala, there was a significant change in the DRS per year. A greater degree of change in cognitive function over time in the AD/LBP group could be explained as the result of two concomitant disease processes or that ASN pathology is a marker for a more aggressive form of AD. Other groups have described a rapidly progressive course for patients with AD/LBP. 8, 30 Our study confirms that finding but emphasizes that it is only the AD cases with LB that have this more rapid loss of cognitive function regardless of the localization of LBP. In fact, those cases with LBP alone had the least amount of change over time on the MMSE and DRS.
It has been suggested that early diagnosis of LBD and differentiation from AD may have therapeutic implications in terms of avoiding neuroleptic medications, 5 and the use of cholinesterase inhibitors has been recommended. 6 Our study provides additional support for the previously described symptoms, cognitive impairments, and functional disabilities that specifically characterize LBP and provides further evidence for some initial cognitive differences among the groups. Our study sample is community based, and patients were not excluded based on other disease processes. Thus, this sample may better represent dementia in the general medical community.
Limitations of this study may include selection bias between patients who elected to participate in the initial evaluation as well as for those who consented for autopsy. It is unknown whether these differences are systematic.
